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Optical fiber transmission system with enhanced total launchable 

optical power 

The invention refers to an optical fiber transmission system according 
to the first portion of claim 1 . 

Especially in telecommunication optical fiber transmission systems are 
used to transport optical signals over long distances. In order to increase the 
amount of information to be transmitted via such a system, the optical signal 
being launched into the fiber by a transmitter terminal is composed of a 
number of bit-patterns at different wavelength channels within a total 
bandwidth of wavelengths. The total launchable bandwidth is limited by the 
characterizing features of the fiber. Thus, it is a common aim to space the 
individual wavelength channels as little from each other as possible. 64 
channels at a channel separation of 0.8 nm covering a total bandwidth of 52 
nm are typical values. 

The optical powers guided by the fiber can be quite high. This is of 
special interest if long distances across large marine sections have to be 
bridged. Because of obvious reasons of maintainace submarine repeater 
stations should be avoided or at least their number should be minimized. This 
means, that the signal power launched into the fiber has to be maximized to 
guarantee the receipt of a signal large enough to be reliably detected by the 
receiver terminal at the far end of the fiber line. However, the maximum total 
power of the optical signal cannot be increased up to any degree without 
degrading the signal quality. There are several effects like line broadening, 
non-linear impairment and channel cross talk, that worsen the signal quality. 
On the other hand, especially, when the different wavelength channels are very 



close together, a good signal quality is essential for a reliable de-multiplexing 
in the receiver terminal. 

The critical figure, which determines the maximum launchable total 
power is the so called optical power budget. The power budget is defined as 
the difference between the average optical power per wavelength channel 
launched into the fiber and the worst sensitivity of the wavelength channels 
involved. Both, the average power and the sensitivity usually are expressed in 
dBm. The sensitivity of a wavelength channel is defined as the minimum optical 
power, that has to be launched into this channel to generate a reliably 
detectable signal at the input of the receiver. Thus, the optical power budget, 
usually expressed in dB, can be interpreted as the usable surplus of optical 
power over the losses due to any kind of signal degradation. 

One of the main degradation effects in signals of high optical power is 
the depletion of the short wavelength channels in favor of the longer 
wavelength channels, known as the stimulated Raman effect", an inelastic 
stray process. The stimulated Raman effect is explained quantum-mechanically 
by the virtual excitation of a molecule of the fiber by an incomming photon of 
a given energy. A second photon of lower energy, i.e. of a longer wavelength, 
stimulates the deexcitation of the virtual state, i.e. the emission of a photon. 
The emitted photon has got the same characteristics, namely the same 
wavelength and the same direction as the stimulating second photon. Thus, 
the shorter wavelength channels are depleted in favor of the longer wavelength 
channels by the stimulated Raman effect. Because of this effect, a tilt in the 
distribution of wavelength channels can be observed. The tilt increases with 
the distance, the optical signal has passed through the fiber. Fig. lb 
schematically shows the distortion of a signal consisting of several wavelength 
channel of equally distributed signal power, as shown in fig. la, where pi n is 



the power launched per channel, p ou t is the power per channel reaching the 
receiver and X is the wavelength. As a partial remedy, it is known to launch a 
distorted signal, according to fig. 2a, into the fiber. This yields a flat 
distribution of power at the far end of the fiber line.i However, this way of 
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The importance of the stimulated Raman effect is, on the one hand, a 
function of the short wavelength channels's optical power. On the other hand it 
is depending on the number and strength of the possible deexcitation paths, 
i.e. the number and power of the longer wavelegnth channels. If the optical 
powers are equally distributed amongst the channels, the resulting tilt can 
mathematically be expressed as the product of the total optical power 
launched into the fiber times the total bandwidth of wavelengths. This means, 
the higher the optical power launched to the fiber, the higher is the 
degradation of the short wavelength channels, i.e. the worse the quality of the 
signal. It also means, that it is the shortest wavelength channel, whose 
sensitivity is worst in the system. The optical power budget is, thus, defined 
relative to this channel. However, if for reasons of compensation, a distorted 
signal is launched, i.e. the short wavelength channels are overemphasized, the 
non-linear impairment between the channels becomes stronger. 

In the regime of relatively low total optical powers the optical power 
budget is governed by linear stray processes. An increase of the optical power 
launched into the fiber yields an almost linear increase of the optical power 
budget. This linear behaviour can be read from the left part of the graph 20 in 
fig. 3. Fig. 3 shows the experimentally determined optical power budget (oPB) 
as a function of the total power (P, n ) launched into the fiber. The data shown 
were taken in a system of 64 wavelength channels covering a total bandwidth 
of 52 nm. At a total optical power of about 27.5 dBm the power budget shows 



a sharp kink and starts to decrease rapidly from its maximum value of about 
49 dB. This kink can be explained by the non-linear effect of stimulated Raman 
emission, which takes over the government of the power budget at high optical 
powers. The figure clearly shows the limits of power increase as a means of 
signal enhancement. The term „maximum total optical power" will be used for 
the total optical power associated with the maximum optical power budget. 

It is a specific object of the invention to provide an optical fiber 
transmission system, which allows, compared to known systems, the input of 
higher optical powers while simultanously increasing the optical power budget. 

To this end the total optical bandwidth to be launched into the fiber 
line is divided in at least two wavelength domains before launching. Each 
wavelength domain consists of a multitude of individual wavelength channels. 
The domains do not overlap. Each one is fed into an individual, dedicated 
optical fiber, while the optical power budget is optimized for each of the fibers 
individually. After a certain distance, which is long enough to cause a decrease 
of the total power below a certain threshold, the signals of the individual fiber 
branches are multiplexed into one unique fiber guiding the multiplexed signal 
to the receiver terminal. The threshold mentioned is defined by the maximum 
total optical power launchable into the unique fiber. This threshold must not 
be exceeded by the sum of the total optical powers multiplexed together plus 
multiplexer losses. 

As explained before, the extent of the tilt is depending on the product 
of the total optical power times the bandwidth covered by this power. If now 
the total bandwidth is split into several domains and each domain is launched 
into a dedicated fiber, the bandwidth per fiber - the first factor of the product 
in question - is reduced. Keeping constant the total power per fiber - the 
second factor of the product in question - means an respective increase of the 
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average optical power per channel. This increase leads, according to the 
definition, to a direct increase of the optical power budget. On the other hand, 
the tilt is still reduced compared to a one-fiber-system. This fact allows a less 
severe compensation, i.e. the distortion of the power distribution launched into 
5 the fiber doesn't have to be as strong as in a one-fiber-system. This means 
especially, that the optical power of the short wavelength channels can be 
reduced, which yields a reduction of the non-linear impairment and an 
improvement of the shortest channel's sensitivity. 

If the different wavelength domains are multiplexed into one unique 

10 fiber not earlier than the sum of the total powers of all the branches has 
decreased below the maximum total power launchable into the unique fiber, 
the profit of the increased power budget can be preserved. The improvement 
can easily be seen from fig. 4. Fig. 4 shows the optical power budget (oPB) as a 
function of the total optical power (P in ) comparing a conventionally configured 

15 system (solid line 20) to a system configured according to the invention 
(dashed line 21). 

It is preferred to split the total bandwidth only into two separate 
domains being launched into two dedicated fiber branches. For 
telecommunication most conveniently the two domains of the so called C-band 

20 (typically 1 529 - 1 562 nm) and the so called L-band (typically 1569 - 1604 
nm) are used. The dashed line 21 in fig. 4 represents such a system, where 
both, the C- and the L-band contain 32 channels each. The system 
represented by the solid line 20 is the same as in fig. 3 explained further 
above. Splitting the total bandwidth, while keeping constant the average power 

25 per channel would decrease both factors of the tilt-product by a factor of two 
(half the total bandwidth and half the total optical power would be launched 
into each branch). However, it is preferred to rather keep constant the total 
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power per fiber. This means, the average power per channel can be increased 
by a factor of two. This is equivalent to an increase of 3 dB, which directly 
yields the same increase of the optical power budget, as can be read from fig. 
4. Taking into account the additional profit of lower non-linear impairment 
5 due to a smaller tilt-compensation by overemphasizing the short wavelenght 
channels and also taking into account the inevitable losses of the multiplexing 
procedure - about 0.8 dB in the example given -, a total profit 22 of about 3.2 
dB increase of the optical power budget is achieved. 

Fig. 5 schematically shows the setup of a preferred embodyment of the 

10 transmission system according to the invention. A transmitter terminal 10 is 
provided with two optical fiber amplifiers 1 1 a and lib amplifying the input 
signal of the L-band and of the C-band respectively. These two wavelength 
domains are launched into two different, dedicated fiber branches 1 2a and 1 2b 
respectively. It is preferred to optimize the optical input power for each branch 

15 individually. That means, the maximum launchable optical power, yielding a 
maximum optical power budget, is fed into each of the fiber branches 12a, 
12b, as indicated by the flash-like arrows Pi_ max and P c max . Most advantagously 
the dedicated fiber branches 12a, 12b are embedded in terrestrial fiber cables, 
preferably in only one terrestrial fiber cable. After having passed a certain 

20 distance through the fiber branches 1 2a, 1 2b, the two wavelength domains are 
multiplexed together by means of a multiplexer station 13. This station 13 
must not be closer to the transmitter station 10 than the optical powers of the 
signals in the two fiber branches 12a, 1 2b have decreased in a way, that their 
sum does not exceed the maximum optical power PMux max launchable into the 

25 unique fiber 14, taking into account the multiplexer losses. In fact, there is a 
certain loss of optical power due to the multiplexing mechanism. Thus, the 
sum of powers of the C- and the L-band may exceed Pjviux max by this amount. 



Preferably the multiplexer station 13 is situated close to the beach line of a 
marine section to be bridged by the fiber line. The unique fiber 14 is preferably 
embedded in a submarine fiber cable. 

It is obvious, that a physical transmission network can involve several 
systems according to the invention in parallel. The parallel branches can all be 
embedded in one cable. In this case the multiplexer station 13 would multiplex 
the wavelenth domains of each pair of branches into one of several, parallel 
unique fibers beeing embedded in a single cable. It is also possible to split the 
total badwidth of wavelengths into more than two domains. 



